We compute the contribution of order α 2 S α 2 to the cross section of a topantitop pair in association with at least one heavy Standard Model boson -Z, W ± , and Higgs -by including all effects of QCD, QED, and weak origin and by working in the automated MadGraph5 aMC@NLO framework. This next-to-leading order contribution is then combined with that of order α 3 S α, and with the two dominant lowest-order ones, α 2 S α and α S α 2 , to obtain phenomenological results relevant to a 8, 13, and 100 TeV pp collider.
≡ Σ NLO,1 + Σ NLO,2 + Σ NLO,3 + Σ NLO,4 .
(2.2)
We shall retain in our computation the two dominant terms at the LO and NLO, namely Σ LO,1 , Σ LO,2 , Σ NLO,1 , and Σ NLO,2 . The LO contribution Σ LO,2 vanishes in the case of ttW ± production, and is numerically rather small in the cases of the cross sections for electrically-neutral bosons, ttZ and ttH. As discussed in ref. [31] , the latter two final states stem at this perturbative order from partonic processes with a bb initial state 2 , if only weak effects are considered. However, when one includes QED effects, diagrams with an initial-state photon contribute as well. Partonic processes with one incoming photon also contribute to the second-leading NLO term Σ NLO,2 . While this fact does not pose any problems at the level of short-distance computations, it requires one to use PDFs that feature photon densities, and that incorporate QED evolution. From this viewpoint, the situation is less than satisfactory. The only modern such PDF set is NNPDF2.3QED [38] , which has the disadvantage of treating QED effects only at the leading order. While formally this degrades the NLO accuracy of (part of) our computation, in practice it does not constitute a major problem, given that the photon density is anyhow rather poorly determined at present. In the following, we shall be assessing carefully the impact of PDF uncertainties on our predictions, both by employing the NNPDF prescription, and by artificially setting the photon density equal to zero. We point out that another consequence of having QED-LL-evolved PDFs is the possibility of using an arbitrary scheme for the finite parts of the initial-state QED subtractions. In this paper, we have adopted the MS scheme, and have refrained from studying the dependence of our results on the QED scheme choice for the PDFs.
As was already mentioned, all of our results are obtained by means of the automatic code MadGraph5 aMC@NLO, which contains all ingredients relevant to the computations of LO and NLO cross sections, with or without matching to parton showers. NLO results not matched to parton showers are obtained by adopting the FKS method [39, 40] for the subtraction of the singularities of the real-emission matrix elements (automated in the module MadFKS [41] ), and the OPP [42] or Tensor Integral Reduction (TIR [43, 44]) procedures for the computation of the one-loop matrix elements (automated in the module MadLoop [20, 33] , which makes use of CutTools [45] with OPP and of IREGI [46] with TIR, and of an in-house implementation of the representation proposed in ref. [47] (OpenLoops)). The automation of mixed-coupling expansions has now been fully achieved also in MadFKS, at variance with the situation of ref. [31] , and the present paper is part of the ongoing validation effort. We have performed all of the self-consistency checks available in MadGraph5 aMC@NLO, which are discussed in ref. [33] (see in particular sect. 2.4.2 of that paper for what concerns one-loop matrix elements). Here, we mention explicitly the independence of the cross section of the values taken by the FKS subtraction parameters [39] ξ cut and δ I , which is directly relevant to the newly-implemented QED subtractions. Furthermore, we have computed to high numerical accuracy (O(0.1%)) the LO and NLO contributions both separately and in the course of the same numerical simulation, and found full agreement between these two procedures. We also remark that the secondleading NLO term Σ NLO,2 can be organised internally by MadGraph5 aMC@NLO in two different ways, which correspond to seeing it (in an unphysical manner [31] ) as either an EW correction to Σ LO,1 or a QCD correction to Σ LO,2 ; we have verified that these two ways lead to the same numerical results.
The notation of eqs. (2.1) and (2.2) may be unfamiliar to most readers. Given that in this paper we restrict ourselves to the computation of the two dominant terms at each perturbative order, one can introduce an alternative notation, which is less precise (see ref. [31] for more details) but rather consistent with what has been used in the literature so far. Such an alternative labeling scheme, which we shall adopt extensively in sect. 3, is summarised in table 1. We stress that the two lines at the bottom of that table imply:
with:
Σ NLO EW (ttV ) = α The two terms on the r.h.s. of eq. (2.3) are both finite and theoretically well defined, and we shall present the corresponding results separately (rather than only for their sum Σ NLO,2 ). In the vast majority of the results available in the literature, the analogue of the HBR contribution is simply ignored, on the basis of the fact that its final states are distinguishable from those relevant to eq. (2.4). Unfortunately, such an argument is rather unphysical, because it cannot be quantified unless a proper study is made that uses the decay products of the vector bosons, and suitable acceptance cuts are imposed on their momenta. A fully realistic simulation of this kind would be particularly important were the experimental results quoted for cross sections exclusive in exactly one heavy boson. Note, finally, that a very similar argument could be made in the case of the radiation of a photon (of sufficient hardness), whereas typically cross sections that include QED corrections are computed fully inclusively in any extra photon (as we do in eq. (2.4)).
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Results
In this section we present our predictions for inclusive rates relevant to the production of ttH, ttZ, ttW + , and ttW − at a pp collider with a c.m. energy of 8 TeV (LHC Run I), 13 TeV (LHC Run II), and 100 TeV. In the case of the LHC Run II, we shall also study the four production processes at the level of several differential distributions. Furthermore, for such a c.m. energy we shall consider the implications of a "boosted" regime, effectively obtained by imposing the following final-state cuts:
In HBR processes, the transverse momentum of the vector boson denoted by X in eq. (2.5) is not constrained; this implies that, in the case of identical particles (X = V ), a single vector boson fulfilling the last condition in eq. (3.1) is sufficient for the corresponding event to contribute to the cross section. While a high-p T regime might be advocated in the context of Higgs searches [48] [49] [50] to increase the relative strength of the signal, in the present case it is interesting regardless of the nature of the associated heavy boson, because it is known to enhance the impact of EW effects through large Sudakov logarithms [51] [52] [53] [54] . Thus, it allows one to gauge directly the impact of EW corrections where they should matter most, and hence to assess the reliability of predictions that include only NLO QCD effects. We have chosen the particle masses as follows:
All widths are set equal to zero, and the massive modes and Yukawas are renormalised onshell. We point out that these settings are not hard-coded in MadGraph5 aMC@NLO, but are inherited [33] from the adopted UFO [55] model. We have chosen the NNPDF2.3QED PDF set [38] (particularly for the reasons discussed in sect. 2) that is associated with the value α S (m Z ) = 0.118 . -5 -Our default EW scheme is the α(m Z ) scheme, where we set:
We shall also present results in the G µ scheme, where:
The central values of the renormalisation (µ R ) and factorisation (µ F ) scales have been taken equal to the reference scale:
where the sum runs over all final-state particles. The theoretical uncertainties due to the µ R and µ F dependencies have been evaluated by varying these scales independently in the range:
and by taking the envelope of the resulting predictions; the value of α is kept fixed. In this work, we have limited ourselves to considering the scale dependence of Σ LO,1 and Σ NLO,1 , which corresponds to what is usually identified with the scale uncertainty of the QCD cross section. We point out that the calculation of this theory systematics does not entail any independent runs, being performed through the exact reweighting technique introduced in ref. [56] , which is fully automated in MadGraph5 aMC@NLO. The PDF uncertainties are computed, again through reweighting, by following the NNPDF methodology [57] ; we report the 68% CL symmetric interval (that is the one that contains only 68 replicas out of a total of a hundred; this is done in order to avoid the problem of outliers, which is severe in this case owing to the photon PDF [38] ) We stress that, because of the choice of PDFs made in this paper, the present results for ttH production would not be exactly identical to those of ref. [31] even if QED effects were ignored. However, the differences are tiny, so that a direct comparison between the ttH results of this paper and those of ref. [31] is possible, which allows one to assess the impact of QED-only corrections.
Inclusive rates
We begin by reporting, in table 2, the results relevant to the individual contributions that enter the definition of a given HBR cross section. As is implied by eq. (2.5), by summing the relevant entries of table 2 one obtains the desired HBR rate. For example, in the case of ttH production:
and analogously for the other processes. Note that HBR cross sections are inclusive by definition, and cannot be summed; this is evident if one considers that one given contribution may enter in more than one HBR rate (e.g. σ(ttHZ) contributes to the HBR's of both ttH and ttZ). We now present, in turn, the results for the total rates relevant to ttH, ttZ, ttW + , and ttW − production. Each of these processes corresponds to a set of two tables: tables 3 and 4 for ttH, tables 5 and 6 for ttZ, tables 7 and 8 for ttW + , and tables 9 and 10 for ttW − . In the first table of each set we give the values, in pb, of the various contributions to the total cross section, namely LO QCD, NLO QCD, LO EW, NLO EW, and HBR; at a given c.m. energy, these results have an integration error which is at most 0.1% times the LO QCD cross section 3 relevant to that energy. The two contributions labelled with "EW" are also computed by setting the photon density equal to zero, as explained in sect. 2. In the case of the 13 TeV LHC, we also give (in parentheses) the rates within the cuts of eq. (3.1). The second table of each set displays the value of the ratios:
with X equal to NLO QCD, LO EW, NLO EW, and HBR. In other words, for any given column the entry in the n th row of the second table is equal to the ratio of the entry in the (n + 1) th row of the first table over the entry in the first row of that table. Except for HBR, the results for the ratios δ are associated with uncertainties. These fractional uncertainties are computed by using eq. (3.10), with the numerator set equal to the maximum and minimum of either the scale or the PDF envelope, and the denominator always computed with central scales and PDFs. Note that the denominator is a LO quantity, at variance with what is done usually in QCD where the central NLO cross section is used; the present choice allows one to treat QCD and EW effects on a more equal footing in the context of a mixed-coupling expansion. In the case of NLO QCD, the uncertainties quoted in the tables are due to scale variations (leftmost errors) and PDF variations (rightmost errors); in the case of the LO and NLO EW contributions, to PDF variations. The results for the total cross sections exhibit a few features common to all four processes considered here. Firstly, the leading NLO term (NLO QCD) is very large, and grows with the collider energy. Its impact is particularly striking in the case of ttW ± production, ttH : σ( pb) owing to the opening at the NLO of partonic channels (qg) that feature a gluon PDF, while no initial-state gluon is present at the LO -in the case of ttH and ttZ production, one has gg-initiated partonic processes already at the Born level. As a consequence of this, the scale uncertainty, which is relatively large for all processes, becomes extremely significant in ttW ± production of increasing hardness (large c.m. energy or boosted regime), where it is predominantly of LO-type because of the growing contributions of qg-initiated partonic processes. In all cases, the PDF uncertainties of the NLO QCD term are smaller than those due to the hard scales, and decrease with the c.m. energy. Secondly, the contributions due to processes with initial-state photons are quite large at the LO (except for ttW ± production, which has a LO EW cross section identically equal to zero), but constitute only a small fraction of the total at the NLO. This is due to the fact that LO EW processes proceed only through two types of initial states, namely γg and bb, whereas NLO EW ones have richer incoming-parton luminosities. Thirdly, as a consequence of the previous point, the uncertainty of the photon density only marginally increases (if at all) the total PDF uncertainty that affects the NLO EW term, while it constitutes a dominant factor at the LO EW level (for ttH and ttZ).
Other aspects characterise differently the four ttV processes. The relative importance of NLO EW contributions w.r.t. the NLO QCD ones increases with energy in the cases of ttH and ttZ production, while it decreases for ttW ± production. At the 8-TeV LHC, NLO EW terms have the largest impact on ttW + (about 17% of the NLO QCD ones), and the smallest on ttH (2.7%). This is reflected in the fact that for ttW ± production the NLO EW effects are barely within the NLO QCD scale uncertainty band; conversely, for ttH and ttZ production NLO EW contributions are amply within the NLO QCD uncertainties. By imposing at the NLO EW level and at the 13-TeV LHC the boosted conditions enforced by eq. (3.1), the change w.r.t. the non-boosted scenario is largest in the case of ttH production (by a factor equal to about 6.8); ttZ and ttW ± behave similarly, with enhancement factors in the range 2.5 − 3. However, for all processes the boosted kinematics are such that the NLO EW terms are equal or larger than the scale uncertainties that affect the corresponding NLO QCD terms. For both of the processes which have a non-trivial LO EW cross section (ttH and ttZ), the bb-and γg-initiated contributions tend to cancel each other. In the case of ttH, an almost complete (and accidental) cancellation (relative to the LO QCD term) occurs at a c.m. energy of 100 TeV, while for ttZ it so does at the much lower LHC Run II energy. This implies that the impact of EW effects at the 13-TeV LHC is more important in the case of ttZ than for ttH production, given that for the latter process the LO and NLO contributions tend to cancel in the sum at this collider energy. However, it is necessary to keep in mind the observation about the uncertainties induced on the LO EW cross section by the photon density: a better determination of such a PDF would be desirable, in order to render the statement above quantitatively more precise. Finally for ttH production, by comparing the results of table 4 relevant to the NLO EW terms -9 - 
−17.7 ± 3.1) 156.4 with those of table 6 of ref. [31] relevant to the weak-only contributions to the NLO cross section, one sees that the relative impact of QED effects decreases with the c.m. energy and is rather negligible in the boosted scenario, as expected. These QED effects have the opposite sign w.r.t. those of weak origin, and can be as large as half of the latter at the LHC Run I. As far as the HBR cross sections are concerned, some general considerations about the various mechanisms that govern the (partial) compensation between these terms and the one-loop contributions of weak origin have already been given in ref. [31] ; they are not ttH-specific, and hence will not be repeated here. We limit ourselves to observing, by inspection of tables 4, 6, 8, and 10, that relative to the LO QCD cross sections the ttH and ttZ HBR contributions have a mild dependence on the c.m. energy (slightly increasing for the former process and decreasing for the latter one); the NLO EW contribution tend to become clearly dominant over HBR by increasing the collider energy and especially in a boosted scenario. The situation is quite the opposite for ttW ± production, where the growth of the HBR rates is not matched by that of the NLO EW terms, so that the HBR cross section is largely dominant over the latter at a 100 TeV collider (but not quite so in a boosted configuration at the LHC Run II). The origin of this fact is the same as that responsible for the growth of the NLO QCD contributions, namely partonic luminosities; in particular, the ttW + W − final state can be obtained from a gg-initiated partonic process. While the above statement must be carefully reconsidered in the context of fully-realistic simulations, where acceptance cuts are imposed on the decay products of the tops and of -10 - the vector bosons, it does say that, in such simulations, HBR contributions cannot simply be neglected. Note that the behaviour with the c.m. energy of the ttW + and ttW − cross sections is not identical, mainly owing to the fact that the former (latter) process is more sensitive to valence (sea) quark densities. We now turn to discussing how the results presented so far might be affected by a change of EW scheme. We thus give predictions obtained in the G µ scheme, with the parameters set as in eq. (3.6); we limit ourselves to considering the 13-TeV LHC, and do not include HBR cross sections in this study. We define a quantity analogous to that of eq. (3.10) in the G µ scheme:
We also introduce the following ratios, that help measure the differences between analogous results in the two schemes:
. (3.14)
−0.5 −0.7 −0.9 −0.9 Table 11 : Comparison between results in the α(m Z ) and G µ scheme, at 13 TeV.
The results are collected in table 11, where for ease of comparison we also report the relevant predictions given previously in the α(m Z ) scheme (see tables 3-10).
The scheme dependence of the dominant LO term, σ LO QCD , is solely due to the value of α; thus, the 2.5% reported in the third row of table 11 is simply the relative difference between the two values of α given in eqs. (3.5) and (3.6), since this LO term factorises a single power of α. The smallness of σ LO EW is such that ∆ Gµ LO EW , defined in eq. (3.13), is largely dominated by σ LO QCD . Hence its values are also equal to 2.5% within the numerical accuracy of our results; by increasing the statistics, one would observe tiny differences w.r.t. the predictions for ∆ Gµ LO QCD . The predictions for the relative differences at the LO imply that a change of EW scheme may be significant, being of the same order as the NLO EW relative contributions, in particular in the case of ttH and ttZ production, and slightly less so for ttW ± production (compare ∆ Gµ LO EW with δ NLO EW ). These higherorder EW results are also affected by a change of EW scheme, as one can see by comparing the results for δ NLO EW and for δ Gµ NLO EW in table 11, with the G µ scheme responsible for a systematic shift towards positive cross sections. However, the most relevant figure of merit is actually ∆ Gµ NLO EW , defined in eq. (3.14), which must be compared with its LO counterparts, ∆ Gµ LO QCD and ∆ Gµ LO EW ; the values of the former ratio are significantly smaller than those of the latter two ratios, as a result of the stabilisation against changes of scheme that is characteristic of higher-order computations.
We conclude this section by mentioning that we have also computed the LO contributions of O(α 3 ) to the total rates, since they factor the same power of λ 6 as the O(α 2 S α 2 ) NLO terms, according to the naive scaling law α S → λα S and α → λ 2 α. We find that these third-leading LO rates are smaller (for ttH and ttZ), or much smaller (for ttW ± , by a factor of about ten), than the NLO EW ones; furthermore, they are not enhanced by any Sudakov logarithms at large hardness. We finally remark that photon-initiated contributions of O(α 3 ) are negligibly small. For these reasons, we have not reported any O(α 3 ) results in the tables above, and have ignored their contributions to differential distributions.
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Differential distributions
In analogy with ref. [31] , we have considered the following observables:
• the transverse momentum of the heavy boson p T (V );
• the transverse momentum of the top quark p T (t);
• the transverse momentum of the top-antitop pair p T (tt);
• the invariant mass of the top-antitop-heavy boson system M (ttV );
• the rapidity of the top quark y(t);
• the rapidity separation between the top-antitop pair and the heavy boson ∆y(tt, V ).
We present these six observables for each of the four production processes at the 13-TeV LHC, without and with the cuts of eq. (3.1): ttH in figs. 1 and 2, ttZ in figs. 3 and 4, ttW + in figs. 5 and 6, and ttW − in figs. 7 and 8, respectively. We use an identical layout for all the plots, with a main frame and three insets; we employ the labelling convention introduced in table 1, and used in sect. 3.1 for the total rates. Four histograms appear in the main frame, that represent the differential cross sections; they are the predictions for LO QCD (dashed black), LO QCD + NLO QCD (solid red overlayed with full circles), and LO QCD + NLO QCD + LO EW + NLO EW (solid blue and green diamonds, with and without photon density respectively). In the upper and middle insets, the bin-by-bin ratios of the latter three histograms over the first one (i.e. LO QCD) are presented, by using the same patterns as in the main frame. The upper insets also display a grey band, centered around the LO QCD+NLO QCD prediction, which represents the fractional scale variation of this cross section. Conversely, the middle insets show the fractional PDF uncertainties that affect the full NLO cross section LO QCD + NLO QCD + LO EW + NLO EW: with (blue band) and without (green error symbols) photon density. Finally, in the bottom insets we present the ratios of the following three quantities over LO QCD: NLO QCD (red solid), LO EW + NLO EW (solid blue with photon density, and green diamonds without photon density), and HBR (purple dot-dashed). PDF-uncertainty bands for the relative LO EW + NLO EW predictions are also given, with the same patterns as their analogues in the middle insets. Note that HBR processes that feature two identical vector bosons in the final state might give up to two contributions per event to the p T (V ), M (ttV ), and ∆y(tt, V ) distributions.
The general features of these differential results are largely independent of the specific process considered. When no cuts are applied (figs. 1, 3, 5, and 7), regions close to threshold (i.e. associated with small transverse momenta) are dominated by QCD contributions; by adding EW effects one generally shifts downwards the cross sections, but still within the theoretical uncertainties. By moving towards large p T 's, the K factors due to the leading NLO term tend to increase, for some observables and processes in a truly dramatic manner. The relative size of EW contributions also increases in absolute value in the same regions; since the corresponding cross sections are negative, this partly compensates the growth induced by QCD terms. Furthermore, at variance with what happens at threshold, such a compensation is quite often significant, being of the same order as, or larger than, the theoretical uncertainty; the largest effects are seen in ttW ± production. This fact, together with the observation that K factors are not flat, implies that both QCD and EW higherorder effects need to be taken into account at a fully differential level for a precision study of ttV production. As was already observed in the case of total rates, the impact of photon-initiated processes is not large on NLO-accurate results; there is a slight fractional increase when moving towards large transverse momenta, but given the current theoretical uncertainties this is hardly significant; a similar conclusion applies to the impact of the photon density uncertainty on the overall PDF errors. The largest effects are seen in ttH production. A notable exception to these statements is to be found at large top-rapidity values in ttH and ttZ production, where the cross sections with or without the photoninitiated processes exhibit large differences. However, such differences are offset by a very significant increase of the PDF uncertainty, which is driven by the poorly known photon density.
Given these results, it is not surprising that the various higher-order effects are enhanced when one imposes the cuts of eq. (3.1) -see figs. 2, 4, 6, and 8. In this case, the importance of taking into account EW effects is obvious; this includes the HBR cross sections which, according to our results, are particularly large for certain observables in ttW ± production, in keeping with what has been already found for total rates. The sharp thresholds in p T (tt) and M (ttV ), and the knee at p T (t) ∼ 400 GeV, are LO features common to all processes, which become less dramatic when NLO corrections are included. Their origins have been discussed in ref. [31] (for ttH production, but those arguments apply to ttZ and ttW ± production as well), and therefore will not be repeated here.
Conclusions and outlook
We have studied the production of a tt pair in association with a heavy SM boson (Higgs, Z, or W ± ) at a pp collider with three different c.m. energies (8, 13, and 100 TeV). Our predictions are obtained by computing the two dominant terms at both the leading and the next-to-leading order in a mixed perturbative expansion in the QCD (α S ) and EW (α) couplings. Such terms factorise the coupling combinations α 2 S α and α S α 2 at the LO, and α 3 S α and α 2 S α 2 at the NLO; the latter two contributions are usually denoted as QCD and EW NLO corrections, respectively. The O(α 2 S α 2 ) results for ttH production had been previously presented in the literature in refs. [31, 32] (with the former paper ignoring QED effects); those for ttZ, ttW + , and ttW − are given here for the first time.
These ttV processes are characterised by tiny cross sections, the total rates being smaller than 1 pb at LHC energies, and of the order of 10 pb at a 100-TeV collider. However, in view of the luminosity foreseen at the LHC Run II and at future colliders, it will become possible to measure them with a good accuracy; furthermore, ttZ and ttW ± are significant backgrounds to several BSM searches, that typically feature multilepton final states. There are thus compelling phenomenological motivations to increase the precision of the theoretical predictions for ttV production, which is what we have -14 -done in this paper. From a technical viewpoint, our calculations have been performed with MadGraph5 aMC@NLO [33] , and are fully automated. They are the first public results obtained with such a code that include QED subtractions, and they constitute part of the validation procedure that will lead to the public release of an upgraded MadGraph5 aMC@NLO capable of handling mixed-coupling expansions at the NLO. We point out that no part of the code has been specifically constructed or modified in order to handle ttV production.
The main findings of our study are the following. The fully differential computation of higher-order corrections is essential in order to attain a realistic description of the processes at hand. K factors are large and not flat, and tend to grow with the collider c.m. energy; such a growth is particularly spectacular in the case of ttW ± production, owing to the impact of gluon-initiated partonic processes which are absent at the LO (at variance with what happens for ttH and ttZ). At a given collider energy, a similar feature is observed when at least one of the final-state particles has a large transverse momentum. Theoretical uncertainties are predominantly due to scale variations; PDF errors are smaller but not negligible. For the same reason as explained above, scale uncertainties become very significant in ttW ± production at high energies and/or transverse momenta. The considerable size of higher-order corrections stems predominantly from O(α 3 S α) terms. However, effects of EW origin do change the pure-QCD results in a way which is significant (i.e. of the same order as, or larger than, the theoretical uncertainties) at large energies and p T 's. The precise impact of such effects depends on the observable (and, of course, on the process), which implies again the necessity of performing one's calculations in a fully differential manner. QED corrections lead to the inclusion of processes with initial-state photons. We find that these give a modest fractional contribution to the NLO O(α 2 S α 2 ) term, but a very large one to the LO O(α S α 2 ) term (for ttH and ttZ, being identically zero in ttW ± production); however, the latter does not induce a visible change in the physical NLO-accurate cross section, since the corresponding contribution is quite small in absolute value. These facts imply that, although the large uncertainties on the photon PDF are sizable when one only considers second-leading LO and NLO terms, they essentially become irrelevant as far as the overall uncertainties on the NLO-accurate results are concerned (with the exception of large top rapidities in ttH and ttZ production). Finally, we find that processes with a tt and a heavy-boson pair in the final state, which we have called HBR, might be responsible for detectable effects, particularly in the case of ttW ± production: a definite conclusion on this point can only be reached with a realistic acceptance study (either by including HBR contributions in the ttV cross section inclusive in V , or by subtracting them if the ttV cross section is exclusive in a single V ).
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